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Guiding Question 

How do spatial and 
temporal variations in 
primary productivity 
transmit to higher 
trophic levels? 

– Abundance 

– Mortality 

– Home range 

– Movement 



Location (GPS)             
• Cougar: 91 
• Mule deer: 127 
• Bighorn sheep: 82 
• Elk: 30 
       (and one bobcat) 

Productivity (NDVI)             
• Daily MODIS NDVI (2000-2012) 
• Quality-screened 
• Cloud-masked and BRDF-corrected 
• Time-interpolated 
 Long-term norms and summed anomalies 



Study area phenology: 
primary productivity in space and time 

• Precipitation-limited 

• Topographically structured 
– High-elevation forests 

– Low-elevation deserts 

13-year norm of mean annual NDVI (daily, 250-m resolution).  



• Precipitation-limited 

• Topographically structured 
– High-elevation forests 

– Low-elevation deserts 
 

• Stable (low) desert productivity 
– Great Basin 

– Colorado Plateau 

– Mojave 

– Chihuahua 

• High variation in montane/alpine 
– duration of snowpack 

• High variation in Sonoran Desert 
– North American Monsoon 

13-year 2 SD of mean annual NDVI (daily, 250-m resolution).  

Study area phenology: 
primary productivity in space and time 



• Duration: DOY 170-220 

• Peak: DOY 236 (Aug 24) 

Start of Season 

Start of Season 
(monsoon) 

Peak of Season 

End of Season 

13-year norm of mean annual NDVI (daily, 250-m resolution).  

Study area phenology: 
primary productivity in space and time 



 

Home-range productivity vs. area 
How far must a consumer roam?  

Study Areas (n): Oquirrh (2), Monroe (1), Stansbury (3), Capitol Reef (1), 
Grand Canyon (1), Nevada (2), Zion (1) 

Productivity-area relationship of female F. concolor home-range 

With the widest latitudinal range of any large 
terrestrial animal, the cougar is an ideal species 
to quantify this long-standing biogeographic 
generalization. 



• Insignificant difference between male origin and destination. 
• Young females settle in less productive habitat than males. 

Primary productivity and cougar dispersal:  
Do offspring select better or worse habitat than their natal range? 
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mean difference between natal and adult home 
range quality as indexed by NDVI 

Stoner et al. 2013. Dispersal behavior of a polygynous carnivore: do cougars follow source-sink predictions? Wildlife Biology (in press). 



Hunting mortality in P. concolor:  
Habitat  productivity vs. exposure to humans 

Stoner et al. 2013. De facto refugia, ecological traps, and the biogeography of anthropogenic cougar mortality in Utah. Diversity & Distributions (in press). 

• Habitat quality and remoteness interact to 
determine hunting mortality. 

 

• Ecological traps: Cougars in high-productivity habitat 

near humans suffer greatest hunting mortality. 

• High-quality sinks 

 

• De facto refugia: Cougars in remote, unproductive 

habitat experience lowest hunting mortality. 

• Low-quality sources 
 

At continental scale, the range of cougars has contracted to the lowest-productivity, most 
remote portion of their historic range. 

 

Anthropogenic  >  climatological factors in determining range contractions.  
 



Technical, behavioral, and environmental 
constraints on GPS signal reception   

Time of Day (UTC)
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Missed Fixes by Time of Day (N = 29)
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Cougar Activity by Time of Day (N = 25)

• Sampling bias 
– Caused by several factors 
– Transmits to all subsequent analyses 
– Can be modeled and removed 

 
 

• Terrain is strongest environmental 
constraint on acquisition 
– Canopy-cover and -height effects 

significant also 
 

• Brand effect small, but significant 
– Telonics better than Lotek 

 

• Loss rate doubled during the day 
– Cougars rest under cover during 

daylight 
 
 
 
 

Ironside et al. (in prep) Accounting for imperfect detection in terrestrial global positioning system telemetry data: a case study of cougars in the arid southwestern United States 



y = -0.0016x2 + 0.5224x - 34.877 
R² = 0.613 

 

y = -16.903x2 + 26.871x - 2.557 
R² = 0.34 
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y = -123.79x2 + 115.06x - 17.293 
R² = 0.64 6.0
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MULE DEER 

Primary productivity and herbivore abundance  
Toward a dynamic regional habitat map 

Growing-season productivity (NDVI) is a strong, but nonlinear correlate of ungulate abundance. 
• Deer (specialist) more sensitive to spring greenup. 
• Elk (generalist) more sensitive to peak summer productivity. 
 



Now hiring 

• M.S. Assistantship (B.S.-level) 

• Ungulate habitat/movement modeling 

• USGS Co-op Unit, Logan UT 

• Tom Edwards, t.edwards@usu.edu 

 



Questions? 
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